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MULTI-PURPOSE BER TESTER (MPBERT) FOR VERY HIGH RZ AND NRZ 

SIGNALS 

FIELD OF THE INVENTION 

This invention relates to the testing of electrical 
and optical communications systems, and more particularly to 
the bit error rate testing of electrical and optical 
communications systems, electrical and optical components and 
subsystems therein. 

BACKGROUND OF THE INVENTION 
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^ In order to maintain and operate a communications 

J , system efficiently and effectively, the performance and 
| operability of its components and subsystems should be tested 

| and measured before being integrated into the system. One 

measure of the performance and operability of components and 
subsystems is a measurement of a bit error rate (BER) . Bit 
error rate testers (BERTs) are designed specifically to test 
components and subsystems of digital communications systems. 

The term "device under test" (DUT) referred to 
hereinafter is to be understood to mean a component or a 
subsystem or a grouping thereof which may comprise either 
optical or electrical subparts or any combination thereof To 
be a compatible DUT for BER testing, the DUT must be designed 
to output the same data pattern it receives irrespective of 
what happens to the data pattern inside the DUT. 

The rate of bits incorrectly conveyed through a DUT 
is a measure of the bit error rate of that device, and is an 
indication of the performance and operability of the device. 
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Referring to FIGs 1A, and IB, the operation of 
standard bit error rate testing arrangements is described. 
Referring first to FIG . 1A, a standard ber testing arrangement 
using an electrical signal, is described. A BERT 100 is 
5 connected by an output 102 and an input 104 to an input 122 and 
an output 124 respectively of a OUT 120. The BERT 100 has a 
Programmable Pattern Generator (PPG) li 0/ which produces a 
known test pattern at an output ll 2/ which is connected to the 
output 102 of the BERT 100. The PPG llo also outputs a 
10 separate clock signal at clock output 114 at a selected data 
rate. The known test pattern, which is typically a pseudo 
random binary sequence (PRBS) , is injected into the DUT 120 at 
the selected data rate. The input 104 of the BERT 100 is 
connected to an input 132 of an Error Detector (ED) 130 of the 
15 BERT 100. The Error Detector 130 has its own pattern generator 
which produces an exact replica of the known test pattern 
produced by the Ppg 110, and also has a comparator. The 
comparator of the ED 130 checks every bit received at the BERT 
input 104 from the DUT 120 against the known pattern internally 
20 generated by the ED 130. Each time the received bit differs 

from the known transmitted bit an error is logged. The PPG no 
.. and the ED 13 0 , are made to operate at identical clock rates 
with a stable phase relationship between them by using the 
clock output 114 of the PPG 110 to trigger the ED 130 at clock 
5 xnput 133. The PPG clock 114 can effectively trigger the ED 
130 only when the BERT 100 and the DUT 120 are in close 
proximity. when they are physically separated, for example at 
opposite ends of a transmission link, the P PG clock might not 
- bS in PhaSS With Che transmitted data, in which case the PPG 
0 clock 114 would not be able to trigger the ED 130. In this 
case the ED 13 0 should be triggered by a recovered clock 
obtained directly from the data itself. 
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In order to set up a BER testing arrangement for 
optical signals additional components are required. Referring 
to FIG, IB, a BER testing arrangement using optical signals is 
described- The output 112 of the PPG 110, is connected to an 
5 electrical input 141 of a modulator 140 which modulates a CW 
laser source 143. An optical signal output from an optical 
output 142 of the modulator 140 passes through an optical 
output 102 of the BERT 100 over an optical fiber 144 to an 
optical input 122 of an optical DUT 120. An optical output 124 
rioi of the DUT 120 is connected by an optical fiber 145, through an. 
optical input 104 of the BERT 100 to an optical input 151 of an 
optical receiver 150. An electrical data output 152 and a 
recovered clock output 153 of the optical receiver 150 are 
03 connected respectively to the data input 132 and clock input 

y 15 133 of the ED 130, As was the case for testing electrical 
O devices, the Error Detector 130 generates an exact replica of 

f|;^" the known test pattern produced by the PPG 110, and also has a 
M= comparator which checks every bit received at the BERT input 

£ 104 from the DUT 120 against the known pattern internally 

y s 

□ 20 generated by the ED 130. Each time the received bit differs 
^ from the known transmitted bit an error is logged. The ED 130 

is triggered by the recovered clock from clock output 153 of 
the optical receiver 150 which has been recovered directly from 

■V. : 'V-. ; the data itself. 

25 For both arrangements and in general when testing 

numerous optical and/or electrical components in a subsystem, 
testing typically is done systematically, each subsystem having 
its own BER characterized in isolation and then in combination 
with other components in a step by step manner. 
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In general, there are two common data formats for the 

Cransmiaaion of high-speed digital data, Non-Return to Zero 
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<B*Z) signal format and Return to zero (RZ) signal format 
Non-Return to Zero (MRZ) signal format is the more popular of 
the two formats due to its inherent simplicity, m this 
particular format, each »o» or «r- data bit is represented by a 
« low or high signal level, respectively, lasting an entire clock 
period. However, with ever-increasing data rates, especially 
in optical transmission systems, Return-to-Zero (RZ) signal 
formats are becoming the transmission format of choice In RZ 
modulation format, each data bit occupies only a portion of the 
10 clock period creating a distinct transition between adjacent 
bits and, thereby, producing a cleaner optical signal for the 

B TTZ 1 " r " d ' hi9h " r " e '^^P*' ° r u "«-l°ng-haul 

^ <>:i000km> transmission, the RZ modulation technique is now 

§ xs C ° m h i ;V nto V ° 9Ue " iC a " ords oerCain •«««i«Py gams such 

p 15 as higher signal-to-noise ratio (SNR) and lower crosstalk 

jjj amongst adjacent bits. Rz encoding also offers better immunity 

to fiber nonlinear effects and the effects of polarization mode 
H dispersion ,PMD, , factors which can limit long-haul or high- 

fr M ■ " anSmission merely. Given che rlsing ± „„„ 

m -.JO popularity of this data format, components and subsystems 
P designed to work with optical RZ signals should be BER tested 

with appropriate optical RZ signals. 

In modern digital communications, data signals are 
being used at higher and higher data rates. Because of the 
Physical constraints of systems in the electrical domain, it is 
often, if not always the case, that in the optical domain 
h!9her data rate components and subsystems are achieved before 
corresponding electrical components and subsystems are 

30 hiT^ In ° rder " teSt ° PtiCal SyS " mS " 

higher than that generally achievable in the electrical domain 

the use of optical multiplexers to achieve the desired rate for 
"'^ the M » »« 0P«=al DVT would be required 
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use of optical demultiplexer would also be required to reduce 
the data rate coming back from the high data rate optical DUT 
to a manageable level . current BER testers do not incorporate 
optical multiplexers to produce high data rate PRBSs and 
5 optical demultiplexers to reduce the data rate of the test to a 
level which can be processed by an electrical based error 
detector. Testing a modern digital communications systems with 
components or subsystems in both the optical and electrical 
domains, and having both high optically achievable data rates 
10 and data rates achievable in the electrical domain, would 

require multiple BERTs , and custom set-up of optical apparatus 
to add high rate optical functionality. To design and set-up 
such a cutting edge custom built set-up could be extremely 
00 difficult and time consuming. Such a time sensitive task as 

15 BER testing critical components of a communications system 

could therefore become expensive, and inefficient. it would be 
desirable for there to be a multi-purpose bit error rate tester 
which is capable of bit error rate testing both in the optical 

20 if t rV leCtriCal d0main ' M ° reOVer iZ W ° Uld alS ° be 
,20 if the bit error rate tester could perform BER tests at higher 

than the achievable rates in the electric domain, so that 

cutting edge optical components and subsystems could be tested 

without the need to set up custom testing apparatus. 

SUMMARY OP THE INVENTION 
25 The present inventiQn provide3 £or a multi _ purpose 

, ■ bit error rate tester (mpbert) which is capable of bit error 
rate testing both in the optical and the electrical domain. 
Moreover the present invention provides for an MPBERT that can 
Perform BER tests at higher than the achievable rates in the 
electric domain, so that cutting edge optical components and 
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subsystems can be tested without the need to set up custom 
testing apparatus . 

An MPBERT constructed according to invention has the 
ability to test optical components at data rates BERTs based 
solely on multiplexing and demultiplexing in the electrical 
domain cannot. In general this advantage is gained by using an 
optical multiplexer and demultiplexer approach. Instead of 
relying on the user of the bit error rate tester to supply a 
custom built apparatus for testing high data rate optical 
™1 C G : " components and subsystems, an MPBERT built according to the 
invention incorporates at least one optical multiplexer, 
advantageously may include at least one optical demultiplexer, 
and advantageously may use high data rate optical RZ to NRZ 
g conversion and high data rate optical NRZ to RZ conversion. 

m 

03 15 According to a first broad aspect, the invention 

^U-h- provides for a bit error rate tester having an optical 

M- multiplexer for multiplexing at least one test pattern data 

signal for injection into a device under test, and an opcical 
pulse source from which an optical pulse stream is provided to 
20 the optical multiplexer to be modulated with the at least one 
test pattern data signal multiplexed therein. 

Advantageously, some embodiments of the invention 
provide for a bit error rate tester having an optical 
demultiplexer for demultiplexing a recovered data signal from 
25 the device under test. 

Some embodiments of the invention provide for an 
optical converter adapted to convert an optical RZ signal 
:-2F: havin 9 a da ta rate into an optical NRZ signal having the same 

data rate and an electrical NRZ signal having the same data 
3 0 rate, in which the optical rz signal che converter is adapted 
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to convert is an optical RZ signal produced by the optical 
multiplexer, and in which the optical NRZ signal and the 
electrical NRZ signal are for injection into the device under 
test . 

S Some embodiments of the invention provide for an 

optical converter adapted to convert an optical NRZ signal 
having a data rate into an optical RZ signal having the same 
data rate, in which the optical NRZ signal the optical 
converter is adapted to convert is an optical NRZ recovered 
■v-i-10 data signal from the device under test. 

Some embodiments of the invention provide for an 
optical converter having a pin photodiode/transimpedance 
amplifier for converting an optical RZ signal into an 
electrical RZ signal, a low pass filter and a li mit amplifier 
15 for converting an electrical RZ signal into an electrical NRZ 
signal, and an optical continuous wave source and an electro- 
absorption modulator for converting an electrical NRZ signal 
into an opcical NRZ signal. 

Some embodiments of the invention provide for an 
20 optical converter having a PIN photodiode/transimpedance 
amplifier for converting an optical NRZ signal into an 
electrical NRZ signal, and an optical pulse source synchronic 
with the electrical NRZ signal modulated by an electro- 
absorption modulator for converting an electrical NRZ signal 
25 into an optical RZ signal. 

According to a second broad aspect, the invention 
provides for a bit error rate tester having an optical 
multiplexer for multiplexing at least one test pattern data 
signal for injection into a device under test, an optical pulse 
30 source from which an optical pulse stream is provided to the 
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optical multiplexer to be modulated with the at least one test 
pattern data signal multiplexed therein, an optical 
demultiplexer for demultiplexing a recovered daca signal from 
the device under test, a first optical converter adapted co 
5 convert a first optical RZ signal having a first data rate into 
a first optical NRZ signal having the first data rate and a 
first electrical NRZ signal having the first data rate, in 
which the first optical Rz signal the first optical converter 
is adapted to convert is an optical RZ signal produced by the 

10 optical multiplexer, and in which the first optical NRZ signal 
and che first electrical NRZ signal are for injection into the 
device under test, and a second optical converter adapted to 
convert a second optical NRZ signal having a second data rate 
into a second optical RZ signal having the second data rate, 

15 wherein the second optical NRZ signal the second optical 

converter is adapted to convert is an optical NRZ recovered 
data signal from the device under test. 

Some embodiments of the invention provide for a first 
optical converter having a first PIN photodiode/transimpedance' " 
20 amplifier for converting the first optical RZ signal into an 
electrical RZ signal, a low pass filter and a limit amplifier 
for converting the electrical RZ signal into a second 
electrical NRZ signal, and an optical continuous wave source 
and a first electro-absorption modulator for converting the 
5 second electrical NRZ signal into the first optical NRZ signal, 
and a second optical converter having a second PIN 
photodiode/transimpedance amplifier for converting the second 
optical NRZ signal into a third electrical NRZ signal, and an 
optical pulse source synchronized with the third electrical NRZ 
signal and a second electro-absorption modulator for converting 
the third electrical NRZ signal into the second optical RZ 
signal , 
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According to a third broad aspect, the invention 
provides for a method of bit error rate testing comprising 
optically multiplexing at least one test pattern data signal 
for injection into a device under test ♦ 

5 Advantageously, some embodiments of the invention 

provide for a method of bit error rate testing further 
comprising optically demultiplexing a recovered data signal 
from the device under test. 

Some embodiments of the invention provide for 

10 optically converting an optical RZ signal having a data rate 

yQ. into an optical NRZ signal having the same data rate and an 

!Jf electrical NRZ signal having the same data rate, in which the 

£S optical RZ signal is a multiplexed optical RZ signal, and 

p/ : ;r ; wherein the optical NRZ signal and the electrical NRZ signal 

a 15 are for injection into the device under test. 

^ Some embodiments of the invention provide for 

optically converting an optical NRZ signal having a data rate 
into an optical RZ signal having the same data rate, in which 
M c ^ e optical NRZ signal is a multiplexed optical NRZ recovered 

20 data signal from the device under test. 

Some embodiments of the invention provide for 
converting an optical RZ signal into an electrical RZ signal, 
converting an electrical RZ signal into an electrical NRZ 
signal, and converting an electrical NRZ signal into an optical 
25 NRZ signal. 

:; • Some embodiments of the invention provide for 

converting an optical NRZ signal into an electrical NRZ signal, 
and converting an electrical NRZ signal into an optical RZ 
signal , 
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According CO a fourth broad aspect, the invention 
prides tor a method of bit error rate testing comprising 
optically multiplexing at least one test pattern data signal 
for injection into a device under test, optically 
5 demultiplexing a recovered data signa! from the device under 

firl: 71 COnV9rCin9 3 "« M 1B-1 having a 

first data rate into a first optical nrz signal t J 

IZI 2T T ind a f lrst el9Ctrical NRZ si9nai ^ *• 

io -\T r \ ln whieh che firat opcioai » *^ i. a 

10 mu telexed optical RZ sisna i, and whereln ^ 

signal and the first electrical N* Z signal are for 
injection into the device under test, and optically converting 
a second optica! «, signal having a second data rate into a 

15 th °T Cal "* Si9Dal haVin9 SeCOnd **** »«. - which 

reco T/ P " Cal Si9Ml 13 * ™ l "P^ °P«cal NR2 
recovered data signal from the device under test. 

will beco m e ther aSPeC " Md f " Cures ° f present invention 
will become apparent to those of ordinary skill in the art ^ 

rev ie W of the following description of specific emb d Le n E T 

the invention in conjunction with the accompanying figures. 

BRIEF DESCRIPTION OP THE DRAWINGS 

with refeJlc TT" "~ ** '""^ in 

with reference to the accompanying diagrams, in which, 

FIO. 1A is a diagram of a standard BER testing 

S arrangement for testing devices in th. .1 . . , 

a devices in the electrical domain. 

FIO. IB is a diagram of , standard BER twins 
arrangement for testing devices in the optical domain 
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PIG ' 2 iS * dia3ram ° £ 3 BER CeSti "9 arrangement for 

MPBERT cot r "™ n ~ - 

MPBERT constructed according to an embodimsnt of ^ 

5 testing an OTBM receiver, the arrangement inching L „ 
constructed according to an embodiment of the invention 

FIG. 4 is a diagram of a BER testis a 
. testing an OTDM transmitter and receiver 1 '~ 

inciuding an MPBERT constructed J^, 0™^ , 
10 the invention; embodiment of 

testing JooV T ^ * — ^ment for 

testing an optical transmitter not having an OTDM, the 

arrangement including an MPBERT constructed according to an 
embodiment of the invention; 



FIG. 6 is a diagram of a rpr t-<=.o,t-,- 
; -sting an optica! receiver not hTv Z Z oZ '~ 

I iaciuding an MPBERT constructed according to !' t 

Fl the invention- according to an embodiment of 

FIG. 7 is a diagram of a BER tMH«« 
20 ""^ « =P«cai transmitter and rTJZl 117^" ^ 
the arrangement induding an MPBERT coLt ^ ' " 0T ° M ' 

embodiment of the invention; C °"™^ —rding to an 

FIG, 8 is a diagram of a ppp 1^0- . 
testing a passive optica! device the * *~ 

25 MPBERT constructed . l a « v ^. the arrangement including an 
_ constructed according to an embodiment of the invention; 

Detector Jtl^ ' ** " dia9rai " ° f * " ** Source/BER 

weteccor which is a subset ^-f „~ 

sunset of components of an MPBERT 
constructed according to an Prth • MPBERT 

amg to an embodiment of the invention- 
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PIG. 10 is a diagram of a 40 Gbps RZ and NRZ Source 
which is a subset of components of an MPBERT constructed 
according to an embodiment of the invention; 

FIG. li is a diagram of a 40 Gbps R2 and NR Z Detector 
which is a subset of components of an MPBERT constructed 
according to an embodiment of the invention; 

FIG. 12 is diagram of a 40 Gbps Optical' RZ - NRZ 
Converter which is a subset of components of an MPBERT 
constructed according to an embodiment of the invention; 

a FIG. 13 is a diagram of a 40 Gbps Optical NRZ - R2 

w converter which is a subset of components of an MPBERT 

„ constructed according to an embodiment cf the invention; and 

O FIG. 14 is a diagram of a 10 Gbps Optical RZ - 

Jj Electrical mz converter which is a subset of components of an 

p-=,* 5 MPBERT constructed according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following descriptions and their accompanying 
figures are examples of bit error rate testing arrangements in 
"hxch an embodiment of the invention may be used. As such 
they are not to be construed as all possible uses to which'the 
Multi-Purpose Bit Error Rate Tester (MPBERT) may be pur, but 
instead are examples of the preferred arrangements for use with 
an embodiment of the invention. The examples given are at a 40 
gigabits per second (Gbps) data rate, other embodiments 
constructed according to the invention are envisioned which 
provide higher rate data signals and test components and 
subsystems of higher data rate specifications for example in 
the 80 Gbps and 160 Gbps regimes and beyond. 
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With reference to figures 2, 3, 5. «. 7, and 8, 
arrangement, including an mpbert 200 constructed according to 
an e,nbodi m ent of the invention, are described. In the 
events of the example arrange m ents shown, the MPBERT 200 
consists of two part,. A 10 Gbps NRZ Source/BER Detector 250 
and a 40 cbps RZ and HRZ Source and Detector 2*0. Th e 10 Cbps 
«« Source/BER Detector 250 delivers ^Itiple 10 Gbps M 
electrical prbs signaXs at data outputs 251 , 252 , 253 , ^ M 
and a 0 GHz cloc* signal at cloc* output 2S 6 , and accepts ' 

_ 250=. and 258* and a 10 GHz recovered clocH signa! at cloc* 

□ ' input 259, and will be described in ^ore detail below The 40 
g 0 PS R Z d „ SoU rce ana Detector 2,0 has data inputs 2 6 1 

m 262, 263, and 264, a 10 GHz clock im>ut 2fi* «-.«.., 

m , - . tK input 266, multiple 10 Gbos 

» IS recovered data outputs 26 8a. 2 S8b , 2 6 8c. and 2S 8d Ld a 10 ! 

recovered doc, output 269 . connected respectively to the data 
-puts 25!. 2S2. 253, and 254, the cloc, output 2 56 . e ovld 
data inputs 253., 258b. 258c. and 258d and the recovered cloc" 
input 25S , of the l0 Gbps mz source/BER Detector 2 so The Jo 
« Gbps R Z and NRz source and Detector 2,0 has an optical 4 0 cbP 
«« output 370. an optical ,0 Gbps „rz output 371, an optical < 0 
Gbps *z and m input 372. a 10 GHa cloc, output 373, a Ta£ 
clod, output 37,, an electrical 40 Gbps hrz output 3 5. two 

2; r input 37s ' connected « - optical 40 

Gbps rz output 270. an optical 40 Gbps nrz output 271 an 
optical 40 Gbps RZ and NRZ i npuc 272. a 10 GHa clock output 

output 275, two electrical 20 Gbps nrz outputs 276 277 . „ 
30 an electrical 40 Sbps «r Z i nput 278 of the ^J 7 ^" 7 ' ^ 

^ optica! t Re£errln9 KO "™~t testing an 

W 31 «'« —ing an optical ti„ d 0m ai„ .ultipLer 
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is described. in this example, a DUT 280 has the capability to 
multiplex two electrical 20 Gbps NRZ data stream inputs into 
one optical 40 Gbps rz signal output. The 10 Gbps NRZ 
Source/BER Detector 250 outputs four 10 Gbps PRBS data streams 
.5 over outputs 251, 25 2/ 253, and 254 and a single clock output 
256 to respective data inputs 261, 262, 263, and 264 and the 
clock input 266 of the 40 Gbps RZ and NRZ Source and Detector 
260. The 40 Gbps RZ and NRZ Source and Detector 260 
multiplexes these data streams into two electrical 20 Gbps NRZ 
10 signals. The DUT 280 ^supplied these two electrical 20 Gbps 
NRZ data streams from outputs 276, and 277, of the MPBERT 200 
which are input at inputs 281 and 282 of the DUT 280. The 20' 
^ GHz clock output 274 of the MPBERT 200 is connected to a clock 

| input 284 of the DUT 280. Depending on the particular 

□ 15 transmitter being tested sometimes the 10 GHz clock output 273 
| xs used. Using the clock signal from the clock output 274, the 

DUT 280 multiplexes the two electrical 20 Gbps NRZ signals 
... ° UtPUt fr ° m ° Ut P Uts 276 277 of the MPBERT 200 into a 

single 40 Gbps optical signal. This single optical signal is 
I 20 ° UtPUt fr ° m an °P tical output 286 of the DUT 280. The optical 
f output 286 of the DUT 280 is connected to the optical input 272 

of the MPBERT 200. The signal input to the MPBERT 200 is then 
demultiplexed through the 40 Gbps RZ and NRZ Source and 
Detector 260 into four 10 Gbps signals corresponding to the 
M^l StrSamS ° f ° UtpUtS 251 ' 2 52, 253, and 254 of the 10 Gbps ' 

Source/BER Detector 250, and are output through data outputs 
268a, 268b, 268c, and 268d for bit error rate testing. 

Referring to FIG. 3, an arrangement for testing an 
• optical receiver having an optical time domain multiplexer is 
30 described. The outputs and inputs between the 10 Gbps NRZ 

„ S ° UrCe/BBR DeteCC ° r 250 and 40 Gbps RZ and NRZ Source and 
> ; oeMccor 2*0, are connected and used in a similar manner to 
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thac described in the arrangement illustrated by FIG 2. The 
PRBS data input from the 10 Gbps NRZ Source/BER Detector 250 to 
the 40 Gbps RZ and NRZ Source and Detector 260, is output as an 
optical 40 Gbps RZ signal through the optical 40 Gbps RZ output 
270 of the MPBERT 200. This signal is provided to an optical 
input 285 of a DUT 280. An electrical 40 Gbps NRZ output 287 
of the DUT 280 is connected to the electrical 40 Gbps NRZ input 
278 of the MPBERT 200 respectively. The signal input to the 
MPBERT 200 is then demultiplexed through the 40 Gbps RZ and NRZ 
Source and Detector 260 into four 10 Gbps signals corresponding 
to the data streams output from outputs 251, 252, 253, and 254 
of the 10 Gbps Source/BER Detector 260, and is output through 
data outputs 268a, 268b, 268c, and 268d for bit error rate 
testing . 
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Referring to FIG. 4, an arrangement for testing an 
w OTDM transmitter and receiver is described. In this example, a 

f=j DUT 280 has the capability to multiplex two electrical 20 Gbps 

^ NRZ signals into one opcical 40 Gbps RZ data stream output, 

jjj The outputs and inputs between the 10 Gbps NRZ Source/BER 

° ™ Detector 250 and the 40 Gbps RZ and NRZ Source and Detector 
260, are connected and used in a similar manner to that 
described in the arrangement illustrated by PIG 2. The PRBS 
data input from the 10 Gbps NRZ Source/BER Detector 250 to the 
40 Gbps RZ and NRZ Source and Detector 26 0/ is output as cwo 
electrical 20 Gbps NRZ signals through the two electrical 20 
Gbps NRZ outputs 276, 277 of the MPBERT 200. These Signal are 
provided to electrical inputs 281, and 282 of the DUT 280. The 
20 GHz clock 274 of the MPBERT 200 is connected to a clock 
input 284 of the DUT 280. Depending on the particular 
transmitter and receiver being tested sometimes the 10 GHz 
clock output 273 is used. Using che clock signal, the DUT 280 
multiplexes the two electrical 20 Gbps NRZ signals output from 
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the MPBERT 200 into a single 40 Gbps optical signal. This 
optical signal is output from an optical output 286 which is 
connected to a fiber span or other DUT 289. An electrical 40 
Gbps NRZ output 287 of the DUT 280 is connected to the 
5 electrical 40 Gbps NRZ input 278 respectively of the MPBERT 
200. The signal input at 278 to the MPBERT 200 is then 
demultiplexed through the 40 Gbps RZ and NRZ Source and 
Detector 260 into four 10 Gbps signals corresponding to the 
data streams output from outputs 251, 252, 253, and 254 of the 
; 10 10 Gbps Source/BER Detector 250, and are output through data 
outputs 268a, 268b, 268c, and 268d for bit error rate testing. 

f • Referring to PIG. 5, an arrangement for testing an 

| ° PtiCal ^smitter *b described. The outputs and inputs 

between the 10 Gbps NRZ Source/BER Detector 250 and the 40 Gbps 
RZ and NRZ Source and Detector 260, are connected and used in a 
similar manner to chat described in the arrangement illustrated 
j* by FIG 2. The PRBS data input from the 10 Gbps NRZ Source/BER 

| Detector 250 to the 40 Gbps RZ and NRZ Source and Detector 260, 

& r • is output as an electrical 40 Gbps NRZ signal through the 
O 20 electrical 40 Gbps NRZ output 275 of the MPBERT 200. This 

signal is provided to an electrical 40 Gbps NRZ input 283 of a 
DUT 280 while a 20 GHz clock is provided from clock output 274 
of the MPBERT 200 to a clock input 284 of the DUT 280. 
Depending on the particular transmitter being tested sometimes 
, 25 10 GH2 ClOCk ° ut P ut ™ ^ -ed. Using the clock signal 

from the clock output 274, and the electrical 40 Gbps NRZ 
signal output from the MPBERT 200, the DUT 280 produces a 
single 40 Gbps optical signal. This optical signal which could 
be an NRZ or an RZ signal, is output from an optical output 286 
30 of the DUT 280. The optical output 286 of the DUT 200 is 

connected to the optical 40 Gbps RZ/NR2 input 272 of the MPBERT 
-leW; 2 °°: . The fii 9 nal in PUt to the MPBERT 200 is then demultiplexed 
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through the 40 Gbps RZ and NRZ Source and Detector 260 into 
four 10 Gbps signals corresponding to the data streams output 
from outputs 251, 252, 253, and 254 of the 10 Gbps Source/BER 
Detector 250, and are output through data outputs 268a, 268b, 
S 268c, and 268d for bit error rate testing. 

Referring to FIG. 6, an arrangement for testing an 
optical receiver is described. The outputs and inputs between 
the 10 Gbps NRZ Source/BER Detector 250 and the 40 Gbps RZ and 
NRZ source and Detector 260, are connected and used in a 
10 similar manner to that described in the arrangement illustrated 
by PIG 2. The PRBS data input from the 10 Gbps NRZ Source/BER 
Detector 250 to the 40 Gbps RZ and NRZ Source and Detector 260, 
is output as an optical 40 Gbps NRZ signal through the optical 
40 Gbps NRZ output 271 of the MPBERT 200. This signal is 
L5 provided to an optical input 285 of a DUT 280. Using the 

optical 40 Gbps NRZ signal output from the MPBERT 200 the DUT 
280 produces a single 40 Gbps NRZ electrical signal at output 
287. The signal output from 287 of the DUT 280 is input to the 
MPBERT 200 at 278 which is then demultiplexed through the 40 
□ 20 Gbps RZ and NRZ Source and Detector 260 into four 10 Gbps 

signals corresponding to the data streams output from outputs 
251, 252, 253, and 254 of the 10 Gbps Source/BER Detector 250 
and are output through data outputs 268a, 268b, 268c, and 268d 
; :,v . for bit error rate testing, 

25 Referring to FIG. 7, an arrangement for testing an 

optical transmitter and receiver is described. The outputs and 
inputs between the 10 Gbps NRZ Source/BER Detector 250 and the 
40 Gbps RZ and NRZ Source and Detector 260, are connected and 
used in a similar manner to that described in the arrangement 
.30 illustrated by FIG 2. The PRBS data input from the 10 Gbps NRZ 
Source/BER Detector 250 to the 40 Gbps * Z and NRZ Source and 
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Detector 260, is output as an electrical 40 Gbps NRZ signal 
through the electrical 40 Gbps NRZ output 275 of the MPBERT 
200. This signal is provided to an electrical 40 Gbps NRZ 
input 283 of a DUT 280 while a 20 GHz clock is provided from 
5 clock output 274 of the MPBERT 200 to a clock input 284 of the 
DUT 280. Using the clock signal from the clock output 274, and 
the electrical 40 Gbps NRZ signal output from 275 of the MPBERT 
200, the DUT 280 produces a 40 Gbps optical signal. This 
optical signal is output from an optical output 286 which is 
10 connected to a fiber span or other DUT 289. An electrical 40 
Gbps NRZ output 287 of the DUT 280 is connected to the 
electrical 40 Gbps NRZ input 278 of the MPBERT 200. The signal 
input to the MPBERT 200 at input 278 is then demultiplexed 
through the 40 Gbps Rz and NRZ Source and Detector 260 into 
15 four 10 Gbps signal corresponding to the data streams output 
from outputs 251, 252, 253, and 254 of the 10 Gbps Source/BER 
Detector 250, and are output through data outputs 268a, 268b, 
268c, and 268d for bit error rate testing. 

Referring to FIG. 8, an arrangement for testing a 
20 passive optical device is described. The outputs and inputs 

between the iff Gbps NRZ Source/BER Detector 250 and the 40 Gbps 

R2 and NRZ Source and Detector onr\ _ _ , 

etector 260 ' are connected and used in a 

similar manner to chat described in the arranges illustrated 
by FIG 2. The PRBS data input from the 10 Gbps mz Sourca/BER 

25 Detector 2S0 to the 40 Gbps R z and NRZ Source and Detector 2S0 
" output as an optical 40 Gbps NRZ signal through the optical 
40 Gbps NRZ output 271 of the MPBERT 200. In alternative 
arrangements for testing a passive optical device, an optical 
40 Gbps RZ signa! from the MPBERT 200 optical output 270 may be 

30 used. The signal from output 271 i. provided to an optical 
input 285 of a passive optical DOT 260. The signal traverses 

.'•v. eh* device under test 280 and exits at output 286 of the DUT 
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The 40 Obps NRZ optical signal i. inpu t co che MpBERT 
«t optical input 272 . The slgnal input to mpsert 2o(j 

then demultiplexed through the 40 obps RZ and ^ Sourcfi ^ 
Detector 26 o into four l0 obps eigne! corresponding to the data 
stream output from outputs 25!. 25 2. 253, and 254 of the 10 
Obps Source/BER Detector 250, and are output through data 
outputs 2*aa, 263b, 26 ,c, and 2 6 8d for bit error rate testing. 

The following descriptions and their accompanying 
figures describe the various components of an MPBERT 
constructed according to an embodiment of the invention. This 
preferred embodiment corresponds to that which preferably would 
| be used ln the BER testing arrangements described above As 

2 inventio' tOUOWiag d93CribSS S Prefe ~ ed <* «» 

S 15 ~ l l™ XnCt ' d " Perf0r ™ " * " Per second 

- a " e ° ther :" to ° dimSn " instructed according to the invention 

are env lsl oned which provide higher rate data signals and test 
components and subsystems of higher data rate specifications 
for example in the 80 Obps and 160 obps regimes and beyond. 

With reference to figures 9, 10. 11, 12 , 13 and ,. 
an MPBERT 2 „„ constructed according to an embodiment of Le 
invention, is described. 

Referring to figure S , the 10 Gbps mz Source/BER 

" ™Id 25 °T h and " 8 OPeraCi ° n «• 
25 ll, "hi h 10 GtPS SOUrCS/BER Dete «° r 250 - * «» 

Data 3 L°T CS ^ " l ' »■ 

3, and Data 4 through outputs 251, 2 52. 253. and 254 

respectively of the 10 obps mz Source/BER Detector 250 

FPG 160 OUtniihfl ^ -I n ott- _-. 



E u 
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fas? 

5_=. 20 



3b 



w detector 250. The 

io oL r ; a 10 GH2 ciock 319011 thr ° u9h »« <* ^e 

■"Gbps Source/BER Detector 250. The 10 Gbp s hrz Source/BER 
and . cloc* input connected respectively to the data inputs 
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258a, 258b, 258c, and 258d, and the clock input 259 of the io 
Gbps Source/BER Detector 250. j„ this embodiment the data 
streams input to the 10 Gbps Source/B E R Detector 250 at 258a 
258b, 258c, and 258d should correspond to the output signals' 
5 from the 10 G bps PPG 160, namely Data 1, Data 2, Data 3, and 
Data 4. The 10 Gbps ED 170 has its own pattern generator which 
can produce an exact replica of the known test patterns 
produced by the PPG 16 0/ and also has a comparator. The 
comparator of the 10 Gbps ED 170 checks every bit received at 
10 the inputs 258a, 258b, 258c, and 258d of the 10 Gbps Source/BER 
Detector 250 against the known patterns internally generated by 
the pattern generator of the ED 170. Each time a received bit 
differs from the known transmitted bit an error is logged 
Functioning as the source of the PRBS data streams and the 
15 error detector of the recovered data stream, the 10 Gbps nr Z 
Source/BER Detector 250 is the first and last location for the 
data streams used for testing by the MPBERT 200. 

Referring to figure 10, a 40 Gbps R2 and NRZ Source 
260A and its operation according to the invention is described 
20 The 40 Gbps RZ and NRZ Source 260A, provides source 

functionality to the 40 Gbps R Z and NRZ Source and Detector 260 
and is not a separate apparatus but a grouped subset of 
components thereof. Therefore, all numbered outputs and inputs 
of the 40 Gbps RZ and NRZ Source 260A are the same inputs and 
25 outputs as those correspondingly numbered for the 40 Gbps RZ 
and NRZ source and Detector 260. The 4 0 Gbps RZ and NRZ Source 
260A has data inputs 261, 262, 263, and 264 connected to data 
outputs 261, 262, 263, and 264 respectively of the 10 Gbps 
Source/BER Detector 250. The 10 GHz clock input 266 of the 40 
30 Gbps RZ and NRZ Source 260A is connected to the 10 GHz clock 
output 256 of the 10 Gbps Source/BER Detector 250. The 10 GHz 
clock signal input through 266 is split at a first splitter 
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301. A first output of the first splitter 301 is connected to 
a second splitter 302. The second splitter 302 outputs a first 
clock signal to a clock input of a first 2:1 multiplexer (MUX) 
330, and outputs a second clock signal to a clock input of a 
second 2:1 multiplexer (MUX) 332. The first 2:1 mux 330 
receives as data inputs, the 10 Gbps signals input at data 
inputs 261, and 262 of the 40 Gbps RZ and NRZ Source 2 6 OA, 
corresponding to data streams Data l and Data 2 respectively. 
The second 2:1 MUX 332 receives as data inputs, the 10 Gbps 
signals input at data inputs 263, and 264 of the 40 Gbps RZ and 
NRZ Source 260A, corresponding to data streams Data 3 and Data 
4 respectively. Both the first 2:1 MUX 33 0 and the second 2:1 
MUX 332 use the clock input it receives from splitter 302 to 
multiplex the two io Gbps signals input to each of them, into a 
15 respective 20 Gbps multiplexed signal. The first 2:1 MUX 330 
outputs a 20 Gbps multiplexed signal to a third splitter 305, 
while the second 2:1 MUX 332 outputs a 20 Gbps multiplexed 
signal to a fourth splitter 306. A first output of the third 
splitter 305 is connected to the electrical 20 Gbps NRZ output 
376 of the 40 Gbps RZ and NRZ Source 260A. A first output of 
the fourth splitter 306 is connected to the electrical 20 Gbps 
NRZ output 377 of the 4 0 Gbps RZ and NRZ Source 260A. These 
two outputs 376 and 377 of the 40 Gbps RZ and NRZ Source 260A 
are connected to outputs 276 and 277 respectively of the MPBERT 
200 for injection into a device under test. The output signal 
at output 376 is a multiplexed signal comprising Data l and 
Data 2, and the output signal at output 377 is multiplexed 
signal comprising Data 3 and Data 4 . A second output from the 
third splitter 305 is connected to a first data input 312 of a 
40 Gbps Optical MUX Chip 310. A second output from the fourth 
splitter 306 is connected to a second data input 314 of the 40 
Gbps Optical MUX Chip 310. An optical input 316 of che 40 Gb po 
Optical MUX Chip 310 is connected to an output 344 of an 
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optica! 20 ghz Pu lee Souroe 340 . The 0pcicai 2oghz 

source 340 «Ud for example be . mode . looklno laser> or 

laser combined with a pulse generating modulator. The first 
splitter 30! „ hich reoeives „ inpu£ ^ „ 

2 " hM * ««P«c »»ich is connected to a 

fifth spider 303. The fifth splitter 303 has a first output 
wh.cn ls connected to a 2X clock multiplier 300. The clock 
multiplier doubles the 10 GHz clock «< m ., .> 
clock sior,,l - ■ 9 and out P u " a 20 GHz 

clock signal to . sixth splitter 304. The sixth splitter 304 

has a first output which is connected to the clock input 342 of 
the optica 20 GHz Pulse source 340. Us ing the optic 2 J" 

lT\7:i t0 3 "' 20 «" "* ^ — input to 

312, and 314. the 40 Gbps Optical „ chip 310 

multiplexed 40 Gbps optical i 

2 Dat» , a „ ° Pti0al RZ slonal comprising Data 1, Data 
*. °ata 3 , and DaC a4 at its output 318. The output of the 40 
Gbps Optical MUX Chip 318 is connected to , first optical 
switch 320, switchable between a first output 325 L . 
output 327. The first output 325 of the , V 
32n i. the first optical switch 

20 is connected to an optical waveguide 322 which is connected 
to the optical 40 Gbps *z output 3 7 o of the of the optical 40 
Obps „ an d „ source 2*0*. output 370 is connected to he 

switch 320 is OUtPUt " 7 ° f ChS "»<= 

switch 320 is connected to an input 35! of a 40 Gbps optical 

RZ-NRZ converter 350. The 40 Gbps optical *z- mz U^Z 350 

outputs an electrical 40 Gbps «, signal ae output 352 !! 

optical 40 Gbps nrz signal at output 353 n T 

r optical converter ,~ ™ - - «. „ 

Source 260A. The electrical 40 Gbps nrz output „, im 
connected to the elsceri^i a» 

alactrical 40 Gbps NRZ output 275 of the 
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output 27. . signal from che eUctricai 4o to 

« provided for inaction lnto a devioe under _ * ' = 

of the 40 Gbpa optioal R2 . NRZ Convercer ^ J » 

IT uave9Ulde 324 which is ™ cea to che « *p. 

° UCPUC 371 ° f ch * « «*P. M and NRZ Source 2 6 0A. The 
optica! 40 Gbps W output 371 is connected to the optical 40 
Gbps NRZ output 271 of the MPBERT 200. If the first optica! 

10 40 cb P s NRZ output 271 is P rovided for inaction into a device 
under test. The second output of the fifth splitter 303 is 
O connected to the 10 GHz dock output 373 of the 40 Gbps R2 an d 

"i NE2 Source 260A. The 10 n»„ „ n „ u 

O. _ *• ™ e 10 0112 cl °<* o« P ut 373 is connected to 

» - a 10 GHz clock signal for a device under test. Th ! second 
output of the si*th setter 304 is connected to the 20 12 

^ GHz clock out P ut 374 is connected to the 20 GHz clock output 

S 20 Ir ad ^ Pr ° Vid£d " 3 20 GHZ --1 

y, 20 for a device under test. 

2S0B and ,^ ferrin9 . t0 £i9U « »• • « «*• *z and NRZ Detector 
MM and xts operation according to the invention is described 
The 40 Gb P s RZ and NRZ De t ac tor 2 60B . provides si g na! detec^n 
unctionali tv to the 40 Gbps RZ and N R Z Source and D ete 0 T 
* and re not a separate apparatus but a grouped subset of 

exponents thereof. Therefore, all numbered outputs and inputs 
Of the 40 Gbps RZ and NRZ D etector 2S0B are the same inputTand 
outputs as those corresponding numbered for the 40 Z rz 
and NRZ Source and Detector 2*0. The 40 Gbps RZ Z £ 
Detector 260B ha<? fA„. -, rt ^ 

**QB has four 10 Gbps data outputa 268a, 268b 268« 

and 268d connected to data inputs 258a 258b J« 

- XO C bps Source/BKK Sector 25 " f , " 

GHz clock output 269 
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=f the 40 Gbps RZ and mrz Detector 2S0B is conneccad to the 

The optical 40 Gbps RZ/NRZ inpuc „ 2 of tbe mpbert 

ejected to the optica! 40 Gbps RZ/MR2 input J?2 of 
•p. R2 ana «, Decector 260B . lnpuc 3?2 ^ « 

n. Sector 2S0B is connecced Co a second ° * - «- 

The second optical switch 420 ts conne=ted by a first 
«2 to an ln put 451 of a 40 Gbps op t ioal ConverCer 
A second output 424 of the second optical switch 420 is 
connected to a first input 4 26 of a third optica! switch 425. 
An output 452 of the 40 Gbps optica! «,.„ converter 4S0 is 
connected to a second input 427 of the third optica! switch 
425. If the second optical switch 420 is set to its first 
-tput 424, and if the third optica! switch 425 is set to its 
first input 42 6 , then the optical si 9 nal entering input 372 
traverses the second optical switch 420. the third optical " 
a-ch 425. and is input to a first input 412 of a 40 Gbp 
Obps Optical D . m ultip!e*er ( CEMUX) Module ,„/ The J 

switches can be set in t-h-i., , 

n ce set xn this manner when the optical signal 
input at 372 of the 4n PKn= r>r, ^ s A 

or the 40 Gbps RZ and NR2 Detector 2 60s i s an RZ 

««1 and use of the 40 Gbps optical NRZ - RZ Converter £ 

2 9 T re : i'j hen che opticai sisnai ***** - ™ °* «*• 40 

40 Qb DSCeCt0r 25 ° B iS ^ signal and use of the 

40 Gbps optical NRZ - Rz Converter 450 is ; J>* 

optical switch 420 may be set r« second 

the thir* , 7 S SSC tC lts Seco ^ output 422, while 

the third optical switch 425 may be B -t- + n 

427 ^ • 1CS sec °nd input 

427. m this case the optical signal entering input 372 
traverses the second optic al switch 420, and is JLTt. the 
wput 451 of the 40 Gbps optical NRZ RZ Co „ 

— 0 Gbps optical „ signal 1.^^?^ ^ 

third " Si9na1 ' Whi ° h " '~ «»' -av Se ? h e 

third optical switch aoc a ^ 

^ ~4. Hwiccn 425 and enters immt 410 *.u 
in Pk„„ /s . J-^puc ^12 of the 40 Gbos - 

Cbps Opt.cel DEMUX Module 4l „. ^ outpue 4m ^ ^ 
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- 10 Gbps Optical DEMUX Module 410 i. connected to a 10 GHz 
Clock Data Recovery ,CDR, unit 4S0. The recovered dock output 
c f the 10 GHz CDR is connected „ a aeventh 

The aeventh splitter 40* has a first oucput COImSQted co . 
5 clock input «. of the 40 Gbps - 10 Gbpe Optioal DEMUX 

410. Pour demuxed data outputs 418a. 418b. 418c. and 4!8d of 
the 40 Gbps - 10 Gbps Optical DEMUX Moduie 410 are connected 
respectively to inputs 442a. 442b. 442c, and 442d of four 10 
Gbps optical RZ - electrical NRZ converters 440a. 440b, 440c 
10 and 440d. The clock signal recovered by the 10 Ghz CDR 4*0 ' 
mput at the cloclc input «. of the 40 Gbps - 10 Gbps optical 
DEMUX Module 410. is used to demultiplex the 40 Gbps optical 
3i 9 nal input at 412 into four demultiplexed data channels, 

of the 40 Gbps - 10 G bps Optical DEMUX Module 410 as optical RZ 

4T a1 !: -J 0 " 10 ° bPS PPEiCal RZ " el -«^«l "RZ converters 
<<0a , 440b, 440c, and 440d convert the respective optical rz 
"gnals at inputs 442a, 442b, 442c. and 442d into four 
electrical NRZ sionals at their respective outputs 444a, 444b, 
" 444c, and 444d. Outputs 444a. 444b. 444c, and 444d of 

473a. 473b, 473c. and 473d of four l0 Gbps Decision circuits 
respectively 4,0a. 470b. 470c. and 470d. A second output of' 

0 Ze TT'T " ~ B * t0 » ei3hth 

Z\ T T sp 407 has a firsc - * ■•«»". * 

472a, 472b, 4720, and 472d of respectively, the four io Gbo S 
Decision Circuits 470.. 47ob, 4,0c. and 470d. Us^ he lex 
> input sienals from the dock inputs 472a. 472b. 472 ,td 

loor th PeCC Tr deCi3i ° n ° irOUi " 470a " 47 ° b ' - «•* 

473, 4^ ea 473 y ^ ^ " — -P-e 

73,. 473b, 473c, and 473d and decide whether each is a one or 
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The results of the decision circuits 470a. 470b. 470c 
and 470d are output at respective data outputs 474a, 474b 
474c, and 474d of the respective decision circuits 470a, 480b, 
470=. and 470d. The outputs 474., ,74b, 474c, and 474d o£ the 
respective decision circuits 470a. 470b, 470=. and 470d are 
connected to first inputs 478,, 478b, 478=, and 478d 
respectively of a first, a second, a third, and a fourth 

electrical lsj switch 475a, 475b 475„ =„,> 

*'**>■ 475 =. end 475d respectively. 

i. Tn T SBCOnd ' Chlrd ' f ° UrCh 1.2 switches 

" " Sb ' «- 4,5d have each a respective second input 

«7a, 477b. 477c. and 477d. Outputs of each of the first 
£ *~ third, and fourth electrical l:2 switches 47 5a . 4; 5b . 

2f» ,«.., and 258 d of the 40 Gbps Rz and hrz Detector 2S 0B. 

«. I 475b SC : 7 : eCOnd ; I hird ' ^ iOU " h ele « ri " 1 l < 2 -"=hes 
475a, 475b, 475=, and 475d are set to their respective first 

correspond^ to the four demultiplexed data channels which 

of the 40 Gbps RZ and NRz Detector 26 0B are sent respectively 
ttaou* outputs 288a, 2S8 b. 2S8 =. and 26 ,a of the 40 Gbps *z 
and NRZ Detector 260B Th. .i .. ■ . 

the MPBERT 200 -lectr lC al 40 Gbps mz input 278 of 

378 of tH !» V COmlSC " d " *" «0 Gbps NRZ input 

378 of the 40 Gbps RZ and «rz Detector 280B. input 378 of the 

of an ele=tr,ca! 1:4 demultiplexer with CDR (Cloc, Data 
-covery, 430, whose four demultiplexed outputs are connected 
" respective second inputs 477.. 477b. 47,c, and 477d of tbe 
respective first, second, third, and fourth electrical 2 

*«h CDR 430 has a recovered clocK output connected to a first 
input 482 of a fifth electrical i, a s „l t=h 480 . If t L 
-cond. third, and fourth electrical U2 switches 4,5. « ' 
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475c, and 475d are set to accept data input from their 
respective second inputs 477a, 477b, 477c, and 477d then four 
data streams corresponding to four demultiplexed data channels 
which together make up the original input at 378 of the 40 Gbps 
5 RZ and NRZ Detector 2 6 OB are output respectively to outputs 
268a, 268b, 268c, and 268d. The eighth splitter 407 has a 
fifth output connected to a second input 484 of the fifth 
electrical 1:2 switch 480. The fifth electrical 1:2 switch 480 
has an output connected to the clock output 269 of the 40 Gbps 
10 RZ and NRZ Detector 260B. The fifth electrical 1:2 switch 480 
may be set to allow the clock input from 482 which was 
recovered from the signal input at 378 of the 40 Gbps RZ and 
a NRZ Detector 260A to pass to output 269. This will generally 

J be done in association with setting the first, second, third, 

O 15 and fourth electrical 1:2 switches 475a, 475b, 475c, and 475d to 
Jj their second respective inputs 477a, 477b, 477c, and 477d. The 

■ result therefor would be output of four demultiplexed 

P* electrical signals through 268a, 268b, 268c, and 268d, and 

K output of the clock signal associated with those data signals 

p 2 0 through clock signal output 269. The fifth electrical 1:2 
k* switch 480 may be set to allow the clock input from 484, which 

was recovered from a data stream by the CDR 460, to pass to 
output 269. This will generally be done in association with 
setting the first, second, third, and fourth electrical 1:2 
25 switches 475a, 475b, 475c, and 475d to their first respective 
inputs 478a, 478b, 478c, and 478d. The result therefor would 
be output of four demultiplexed signals corresponding to the 
channels which together make up the optical input at 372 
through 268a, 268b, 268c, and 268d, and output of the clock 
30 signal associated with those data signals through clock signal 
output 269. 
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Referring to figure 12, the 40 Gbp3 opCica:1 _ 

del Tl ^ ° Peratl ° n accordins " ™*°» ^ 
described. The 40 Gbps opcical Ez . ^ Convercer JM 

provide, oon.er.ion of . 40 Gbps optical R z signal inpuc at 351 
to both an optical 40 Gbps mz signaa oucpuc at 353 an(J 
electrical 40 Gbps NRZ 3ign ai output at 352. The daC a slgn al 
to be converted is input at input 3S1 which is connected to a 

500. which directs converts an optical R2 signal into ^ 

tt*w> 502. The first low pass filter 502 operates to s^oth 

Zt sThT Si9Ml ^ rem ° Vin9 hi9h f "~- The first 
W» 502 has an output connected to a first li m it a , lifier 504 

which operates to re TO ve unwanted transient fluctuations fro m 
« the Signal by suppressing, ripples at levels. The first L 
pass filter 502, and the f(„ t i- •„ , w 

' the flrsc llmit «"Plifier 504, together 

operate to convert an electric w , ( „ , . ' 

aisnal The fi„t l ■ RZ " 9nal lnco a « electrical NRz 

CoTninth , - ° UCpUt 

to . ninth splitter 50S . The ninth splitter 50* has a first 

30 output connected to a first RF a.plifier (RPA) 508 , and . 
second output connected to the electrical 40 obps mz ou t P ut 

" the T QbPS ° Pti0al RZ " ^ C "™ rt » 350 • - ™ 
of the first w 508 is connected to a first 40 Gbps slectro- 

absorption Modulator (BAM) , l0 . A oontinuou3 ^/^J^ 
25 source 512 provides a continuous optical signal to the first 40 
K*» The first 40 Gbps «, M0 modulaCes J £ , 

The first 40 Gbps EA» 510 outputs an optical 40 Gbps mz 
° S " S nation according to the invention is 
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described. The 40 Gbps optical NRZ - R2 Converter 450 
provides conversion of a 40 Oops optical ^ algnal ^ 
optical 40 Gbps RZ signal which ls oucput ac 452 _ ^ ^ 
signal to be converted is input at input 451 which is connected 
to . second 40 Gbps pin/tia 520. which directly converts an 
optical signal into an electrical signal which is output to a 
second RFA 524. The second rfa 524 has an output connected to 
a second 40 Gbps EAM 526. An optical 40 GHz pulse source 530 
provides a 40 GHz pulse optical signal which passes through an 
optical delay means 528 to synchronize the optical pulses fro*. , 
the pulse source 530 with each bit in the data signal coming 
fro m the second RFA 524, to the second 4 0 Gbps BAM 526 The 
second 40 Gbps E AM 526 Elates the optical pulse signal using 
the electrical signal input from the second RPA 524. The 
second 40 Gbps EAM 526 outputs an optical 40 Gbps RZ signal to 
output 452 of the 40 Gbps optical MRZ - RZ Converter 450. 

Referring to figure 14, a 10 Gbps optical RZ - 

electrical NRZ Converter 440 Sn H 

ercer 440 and its operation according to the 

invention is described Tt- -i <= t-~ u 

W - Jt 13 to be understood that this 

description of a 10 Gbps optical RZ - electrical NRZ converter 
440 with mput 442 and output 444 applies as a description of 
the four xo Gbps optical EZ . electrical NRZ Converters 440a, 
440b, 440c, and 440d with respective inputs 442a, 442b, 442c 
■ and 442d and respective outputs 444a, 444b, 444c, and 444d of 
figure 11. The !0 Gbps optical RZ - electrical NRZ converter 
440. provides conversion of a 10 Gbps optical R z signal to an 
electrical 10 Gbpe NRZ signal output at 444. The data signal 
to be converted is input at input 442 which is connected to a 
first 10 Gbps P 1N/riA 540. which directly converts an optical 
-gnal mto an electrical signal which is output to a second 
low pass filter (LPF) 542 . Tne secon<J ^ ^ ^ 

op.~t. s co am ootb and reshape the signal by removing high 
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frequencies. The second LPF 542 has an output connected to a 
second limit amplifier 544 which operates to remove unwanted 
transient fluctuations from the signal by suppressing ripples 
at »i« levels. The second limit amplifier 544 has an output 
connected to output 444 of the 10 Gbps optical RZ - electrical 
NRZ converter 440. 

Numerous modifications and variations of the present 
invention are possible in light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than 
as specifically described herein. For example other 
embodiments constructed according to the invention are 
5 envisioned which provide higher rate data signals and test 

components and subsystems of higher data rate specifications 
15 such as in the 80 Gbps regime. To achieve such a data rate 
level instead of four 10 Gbps PRBS data streams, the PPG 16 0 
would produce eight 10 Gbps PRBS data streams, and instead of 
four 10 Gbps PRBS data streams, the ED 170 would accept eight 
10 Gbps PRBS data streams. The 80 Gbps RZ and NRZ source 
20 (corresponding to the 40 Gbps version 260A) would be adapted to 
receive 80 Gbps, and the 80 Gbps RZ and NRZ Detector 
(corresponding no the 40 Gbps version 260B) would be adapted to 
send 80 Gbps. Components corresponding to multiplexers 330 and 
332 would each be 4:1 Multiplexers, with four 10 Gbps data 
25 inputs each. A clock multiplier corresponding to clock 

multiplier 300 would be a 4x multiplier, quadrupling the 
.. incoming clock signal. An optical source corresponding to 
optical source 340 would be an optical 40 GHz pulse source 
The optical MUX Chip corresponding to 310 would be an 80 Gbps 
30 Optical MUX chip. A converter corresponding to the 40 Gbps 
optical RZ-NRZ converter would be an 80 Gbps optical RZ-NRZ 
convener. Outputs corresponding to 376, 377, 370, 375 371 
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and 374 would all have double the data rate or frequency- 
capacity as that shown in FIG. 10. The demultiplexer 
corresponding to the 1:4 demultiplexer 430 would be a 1:8 
demultiplexer when it becomes available. The inputs 
5 corresponding to 378 and 372 would be twice the data rate 

capacity as that shown in PIG. 11. The converter corresponding 
to 450 would be an 80 Gbps optical NRZ - optical RZ converter. 
An Optical DEMUX module corresponding to 410 would be an 80 - 
10 Gbps Optical DEMUX Module. The corresponding RZ-NRZ and 
10 NRZ-RZ converters could be attained by replacing the 40 Gbps 
PlN/TIAs and the 4 0 Gbps EAMs with corresponding 80 Gbps 
2 PlN/TIAs and 80 Gbps EAMs when they become available. The four 

■-Q paths and the components therein, beginning with the 40 Gbps - 

j| 10 Gbps Optical DEMUX Module 410 connected to the four 10 Gbps 

□ 15 optical RZ - electrical NRZ converters 440a, 440b, 440c # and 
jg •■ 440d respectively connected to the four 10 Gbps Decision 

■ Circuits 470a, 470b, 470c, and 470d, respectively connected to 

H= . ■ 

M= the first, second, third, and fourth electrical 1:2 switches 

H> 475a, 475b, 475c, and 475d, which are connected to the 1-4 

p 20 demultiplexer with CDR 430, and the outputs 268a, 268b, 268c, 
H and 268d of the 40 Gbps RZ and NRZ Detector 260B, are replaced 

by eight analogous paths. In this manner, simply by improving 
•-, rate and capacity specifications of the individual components 
of the preferred embodiment and by duplicating parallel paths 
25 and the components therein, an MPBERT capable testing at an 80 
Gbps data rate can be constructed according to this invention. 
In alternate arrangements it may be that, due to the 
limitations of components in the electrical domain, only the 
optical portion of the 40 Gbps RZ and NRZ Detector 260B may be 
fe: ' 30 upgradable to 80 Gbps. In this case the input 378 would remain 
only capable of receiving 40 Gbps, and the demultiplexer 430 
would remain a 1:4 demultiplexer connected only to four of the 
1:2 switches, for example switches 475a, 475b, 475c, and 475d. 
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Such a situation is an important example of the advantage of 
having a portion of the MPBERT designed to operate in the 
optical domain. In general, practitioners in the art can use 
the approach as taught by this invention to construct an MPBERT 
5 according to the invention having a higher data rate capability 
than the preferred embodiments described herein, by replacing 
the various components with corresponding components of higher 
data rate and capacity specifications and duplicating parallel 
paths and the components therein, without departing from the 
10 scope of the invention, or indeed even the basic architectural 
design of the preferred embodiment. 



